SUMMARY
Effects of chemical and physical preservation of blood on changes in ammonia concentration during storage were studied with samples containing initial concentrations of . 143, .316, .771, .816 , and 1.308 mg ammonia-N per 100 ml blood. A saturated solution of mercuric chloride was added to the blood in amounts of 3. 33, 5.00, 6.66, 8.33 or 10.00%. Deionized water was added to control samples in the same amounts as mercuric chloride. Samples were stored at 22, 5, or -20 C for 3, 5, 7 or 14 days. The ammonia concentration in the control samples stored for 7 days increased 1408, 86 and 22% when stored at 22, 5 or -20 C, respectively. Respective increases in samples stored with mercuric chloride were 44, 16 and 9%. There were no statistically significant differences among the ammonia attributable to the various concentrations of mercuric chloride used. Blood stored with at least 6.66% mercuric chloride for 3 or 5 days showed essentially no increase in ammonia. Control samples stored at -20 C for 7 days did not differ from mercuric chloride-treated samples stored under similar conditions. However, at 14 days control samples stored at -20 C contained more ammonia than did mercuric chloride-treated samples. The relationship between initial concentration of ammonia and its change during storage was negative and significant. Samples with less initial ammonia changed most during storage. Ammonia concentration changed less in plasma than in whole blood when both were stored at 5 C. However, separating plasma from blood increased the initial blood ammonia 15 to 25%.
INTRODUCTION
The high correlation between blood ammonia and ammonia toxicity (Lewis et al., 1957; Lewis, 1960; Bartley et al., 1976) suggested using blood ammonia concentration as a diagnostic aid in establishing urea poisoning or ammonia toxicity. However, we observed that ammonia concentration changes markedly between blood samples analyzed immediately after collection and those analyzed several hours later. Ammonia concentration in blood samples kept at -15 C for 1 year increased several fold during storage. Conway (1962) reported a sharp increase of 46 /~g ammonia-N per 100 ml in human blood samples 5 min after the blood was shed because carbon dioxide was liberated. After 5 min the rate of formation of ammonia-N in the sample was .43 /~g per min at 16 C or .97/~g per nin at 24 C. The increases resulted primarily from the breakdown of adenyl pyrophosphate and/or adenylic acid and glutamine.
Methods suggested to preserve blood samples for ammonia analysis are freezing or adding mercuric chloride. Hinders (1974) suggested adding 3% saturated mercuric chloride to blood. Buck (1975) suggested adding 1 or 2 drops of saturated mercuric chloride to 5 ml blood. Formaldehyde stops all enzymatic activity but gels the sample so it is difficult to analyze (G. W. Barr, unpublished results).
We added different quantities of saturated mercuric chloride to blood and analyzed changes in ammonia-N (ammonia-N plus ammonium-N) with the blood stored at room temperature, refrigerated or frozen.
EXPERIMENTAL PROCEDURE

Manhattan.
On test days, blood was collected via a 863 JOURNAL OF ANIMAL SCIENCE, Vol. 46, No. 4 (1977) polyethylene catheter in the jugular vein of a mature cow before the morning feeding or at prescribed intervals after dosing the cow intraruminally with urea. This was done to study the preservation of blood containing different concentrations of circulating blood ammonia. Five blood collection trials were conducted. Average initial blood ammonia for trials 1, 2, 3, 4 and 5 ranged from ;143 to 1.308 mg per 100 ml of blood. These values covered the range in blood ammonia concentration usually encountered when animals progress from a nontoxic to a toxic state (Bartley et al., 1976; Lewis, 1960) . Two plasma samples were obtained at the highest blood ammonia. At the time of sampling, 150 ml of blood was drawn into each of seven flasks. Each flask contained 15 ml of anticoagulant solution 2 (4% sodium fluoride and 4% potassium oxalate). Blood was agitated during collection to prevent coagulation. Collected blood was pooled and distributed among the different treatments.
Fifteen milliliters of whole blood was added to individual tubes containing .50, .75, 1.00, 1.25, or 1.50 ml (corresponding to 3.33, 5.00, 6.66, 8.33, or 10%) of a saturated solution of mercuric chloride and mixed thoroughly with a Vortex Genie Mixer (Scientific Products, Evanston, IL). Deionized water replaced mercuric chloride in control tubes. A similar series of tubes containing whole blood and mercuric chloride was centrifuged at 900 g for 15 minutes. The plasma was preserved and retained for tests. After aliquots of whole blood or plasma were taken for initial analyses, blood or 2Wr observed EDTA should not be used as an anticoagulant with mercuric chloride because it chelates the mercuric chloride and may make it unreliable asa preservative. This needs to be studied further. plasma remaining in the tube was drawn into vacutainers or screw-cap tubes.
The whole blood containing various concentrations of mercuric chloride and the controls were stored as follows: 1) in screw-cap tubes at room temperature (22 C); 2) in screw-cap tubes in a refrigerator at 5 C; 3) in vacutainers in a refrigerator at 5 C; and 4) in screw-cap tubes in a freezer at -20 C (samples from trials 1, 4 and 5). The plasma was stored in vacutainers in a refrigerator at 5 C (samples from trials 4 and 5). All blood and plasma samples were analyzed for initial ammonia-N within 30 min of collection. Samples stored at room temperature and refrigerated were analyzed again after 3, 5 and 7 days; those frozen and those in refrigerated vacutainers, were analyzed after both 7 and 14 days of storage.
Blood ammonia was determined by microdiffusion analysis (Conway, 1962 ) with modifications described previously (Davidovich et al., 1977) . Change of ammonia during storage for each sample was corrected for initial concentration: % change = final concentrationinitial concentration/initial concentration x 100.
Data were subjected to analysis of covariance (unequal sample size) with initial concentration of ammonia-N as the covariate. The statistical model was:
where Y ---% change of blood ammonia-N corrected for initial concentration;/~=constant; Si=storage temperature; Aj=amount of "preservative"; SAij=interaction;/3=regression for Y on X; X=initial blood ammonia-N concentration; E=random error.
RESULTS AND DISCUSSION
Each concentration of' ammonia-N studied was from a different trial where a cow was infused intraruminally with urea. For each trial the blood was distributed among the treatments after an initial value was determined. Mean values with their standard errors for the five trials were, in numerical order: .143 + .0008, .316 + .005, .771 +-.004, .816 + .004, and 1.308 + .0117 mg ammonia-N per 100 ml blood. Initial values for samples in each trial did not differ significantly, indicating that variation in ammonia-N concentrations for each initial starting value was exceedingly small.
Regression coefficients between initial concentration of ammonia-N in the blood and concentrations during storage were negative and highly significant (table 1). Rate of change was several times greater in control than in test samples, which suggests that the greater the initial concentration of ammonia-N, the smaller the percentage change during storage. Because of that relationship all mean samples were adjusted for initial blood ammonia-N (covariate). Regression coefficients shown in table 1 do not include data from control samples stored at room temperature.
Pooled data are summarized in table 2 for all storage conditions. Plasma was excluded because samples were obtained from only two trials with high initial ammonia-N. Variance of control samples kept at room temperature was several times greater than the other variances, so statistical comparisons with data from those samples were not warranted. Adding mercuric chloride to whole blood significantly reduced the change in ammonia-N during storage. Ammonia increased with time in samples containing mercuric chloride but much less (P<.01) than in the controls. Also, from the data in table 2, it may be observed that the greater the initial concentration of ammonia-N the smaller the percentage change during storage.
The biological importance of these changes is apparent by comparing the changes that occur in the actual values (table 2) during storage. For example, a rumen ammonia-N concentration of .847 (table 2) found after 14 days of refrigerated storage suggests a possible toxic condition, whereas the true value is only .320 and well below the toxic range (Bartley et al., 1976) .
Effects of storage on blood ammonia in control samples are shown in table 3. Ammonia increased markedly with time in the samples stored at 22 C. In 7 days the mean increase exceeded 1400%. Storage at 5 C significantly reduced the increase in ammonia concentration with the mean increase in 7 days being 85.7%. Ammonia of blood stored 7 days at 5 C changed less in vacutainers than in screw-cap tubes, but not significantly less. Ammonia in blood stored at -20 C for 7 or 14 days changed significantly less than that in blood stored at 5 C.
The effect of storage on ammonia in blood with mercuric chloride added is shown in table 4. Ammonia concentrations did not change significantly under any storage condition studied. However, higher concentrations of mercuric chloride appeared to be more effective than lower concentrations when the blood was stored at 5 C. Storage at 5 C was superior to storage at 22 C. Blood stored 3 or 5 days with at least 6.66% mercuric chloride showed essen-'tially no increase in ammonia concentration. Storage at -20 C did not differ from storage at 5 C after 7 days but was superior, though not statistically so, after 14 days. Data in tables 3 and 4 show clearly that mercuric chloride prevents changes in blood ammonia, particularly when blood is stored at relatively high temperature. Ammonia did not differ between control samples kept at -20 C 7 days and that in samples treated with mercuric chloride and stored at 5 C or -20 C. At 14 days, however, frozen control had more (P<.01) blood ammonia-N than did mercuric chloride-treated samples (table 5) .
The initial ammonia-N was 13 and 25% greater in plasma samples when compared with whole blood samples in corresponding tests. The increase in plasma may have resulted from ammonia-N not being determined quickly or from heating the samples while they were being centrifuged. Table 6 shows a comparison between plasma and whole blood samples obtained from the same two trials. Concentrations of ammonia in mercuric-chloride samples tested did not differ significantly so only means for each storage condition are shown. Essentially no change in ammonia concentration was observed in plasma with mercuric chloride stored at 3, 5 and 7 days at 5 C.
The change in ammonia in untreated or in mercuric chloride-treated plasma was similar to that in control samples, regardless of storage times or temperatures. Ammonia in plasma with or without mercuric chloride changed less during storage than that in whole blood at the same temperature or frozen.
Our results indicate that blood can be b'C'dMeans with unlike superscripts in same column differ significantly (P<.O1).
preserved adequately for later ammonia determination by adding 6% saturated mercuric chloride as soon as the samples are obtained and keeping samples continuously at 5 C or lower. The blood should be analyzed for ammonia as soon as possible since ammonia increases with time, regardless of the storage temperature or added mercuric chloride. Plasma kept at 5 C may require no chemical preservation, if care is taken to separate the plasma as soon as the blood sample is obtained 9 b'c'd'eMeans with unlike superscripts in same column differ significantly (P<.O01).
